Introduction and hypothesis The objective of this study was to examine the effects of drug therapy alone and combined with behavioral therapy on urgency and 24-voiding frequency in women with urge-predominant incontinence and to identify predictors of change. Methods A planned analysis of data from a multi-site, randomized, controlled trial (N=307). Bladder diaries were used to document voids, incontinence, and urgency severity. Results Urgency scores decreased significantly within both treatment groups, but changes did not differ between groups (p=0.30). Improvement in urgency was associated with greater baseline urgency (p<0.0001) and black ethnicity (p=0.03). Voiding frequency increased with drug alone and decreased slightly with combined therapy (p=0.009), and improvement was associated with combined treatment (p<0.0001), higher baseline frequency (p<0.0001), and lower baseline incontinence episode frequency (p=0.001).
Introduction
Urinary urgency is the defining symptom of overactive bladder (OAB), a bothersome condition that affects approximately 13% of adult women [1, 2] . Primary interventions for OAB include pharmacotherapy and behavioral therapies [3, 4] . While several drugs have demonstrated clinical efficacy in decreasing symptoms of OAB, they have not totally resolved symptoms in most patients. To address this limitation, behavioral interventions have been utilized in combination with drug therapy to manage these symptoms. Behavioral interventions have been shown to be effective for reducing urinary incontinence (UI) in women with stress, urge and mixed UI [5] [6] [7] [8] [9] [10] [11] . They can also improve the frequency of daytime urination and nocturia [12, 13] , but little is known of their effects on the sensation of urgency.
Several previous studies have investigated whether combining behavioral and drug interventions would result in greater improvements in UI or voiding frequency compared to a single intervention [14, 15] . We have reported the results of a multi-center, randomized, controlled trial, the Behavior Enhances Drug Reduction of Incontinence (BE-DRI) study, which showed that adding behavioral therapy to drug therapy did not enhance the ability of women with urge-predominant UI to discontinue their drug therapy and maintain clinically significant reductions in UI episodes [16] . However, women who received combined therapy reported greater perceived improvement, satisfaction, and better scores on several secondary outcomes.
The primary outcome for many OAB treatment trials is a reduction in episodes of urinary incontinence. Much less is known about the effectiveness of drug therapy, behavioral therapy, or combined therapy on urgency and voiding frequency. In this secondary analysis of data from the BE-DRI study, we examined the effects of drug therapy alone and combined drug and behavioral therapy on urgency and frequency of voiding and identified baseline predictors of change in urgency and voiding frequency in women.
Materials and methods

Overview
The BE-DRI study was a two-stage randomized clinical trial conducted by nine clinical centers in the USA (see Appendix). Participants were women with urgepredominant UI randomly assigned to drug therapy alone or drug therapy combined with behavioral training. In stage 1, both groups received 10 weeks of active treatment. In stage 2, immediately following active treatment, drug and behavioral therapy were discontinued. Details of the study design and results of the trial have been described previously [16, 17] . The primary outcome of the trial was successful discontinuation of drug. This paper reports on the secondary outcomes of urgency and frequency of voiding measured at the end of active therapy (10 weeks).
Participants
Participants were 307 community-dwelling women with urge-predominant UI, defined as urge symptom index score greater than stress symptom index score on the Medical, Epidemiological, and Social Aspects of Aging Questionnaire (MESA) [18] . Clinical evaluation included medical history, physical examination, and a 7-day bladder diary. Pelvic floor muscle strength was assessed using the Brink scale [19] , and prolapse was quantified using the pelvic organ prolapse quantification system (POP-Q) [20] . To be included in the study, women had to report at least seven episodes of incontinence on a 7-day baseline diary, persistent incontinence for ≥3 months, no current use of antimuscarinics or other medications that could impact UI, and no evidence that incontinence was secondary to neurologic or other systemic diseases.
Intervention
Participants were randomly assigned in equal numbers to either drug therapy alone or drug therapy combined with behavioral therapy. In both groups, treatment was implemented in four visits, at intervals of 2-3 weeks, over a period of 10 weeks.
Drug therapy was tolterodine tartrate (extended-release capsules) at a dose of 4 mg/day. If not well tolerated, the dose could be decreased to 2 mg or another antimuscarinic medication could be substituted. At the initial visit, all participants received written information about the drug and recommendations for fluid intake and managing common drug side effects (dry mouth and constipation).
Combination therapy included drug therapy and behavioral training, implemented by a nurse practitioner, nurse specialist, and/or physical therapist. Behavioral therapy included pelvic floor muscle training (using vaginal palpation); behavioral strategies to diminish urgency, suppress bladder contractions, and prevent both stress and urge incontinence; delayed voiding to increase voiding intervals for those who voided greater than eight times per day; and individualized fluid management for those with excessive urine output (>2,100 ml/day).
A central component of behavioral training was to teach women how to respond adaptively to the sensation of urgency by using urge suppression techniques [10] . They were instructed not to rush to the toilet, but instead to pause, to sit down if possible, to practice relaxing, and to contract the pelvic floor muscles several times to suppress urgency and detrusor contraction, as well as to prevent urine loss.
Training was supplemented with verbal and written instructions for daily home practice between clinic visits. Recommendations included 45 pelvic floor muscle con-tractions per day divided into three sessions of 15 contractions each. Contraction duration was initiated at 3 s duration with 6 s rest, but duration could be shorter for participants who could not sustain this in the first session. At each treatment visit, exercise technique was assessed by digital vaginal palpation and the results used to guide and progress the exercise prescription across visits to a maximum of 10 s. Participants were also encouraged to integrate the exercises into their daily activities.
Participants were evaluated at each treatment visit for adherence to pelvic floor muscle exercise (using a selfadministered exercise questionnaire) and to behavioral strategies (using questions administered by the interventionist). To optimize adherence, barriers to the behavioral program were identified and possible solutions discussed with the participant.
To ensure standardized administration of the treatments across clinicians and clinical sites, all interventionists attended a 2-day in-person centralized training program and were certified on bladder diary interpretation, handson pelvic floor muscle training (with live models), and patient education skills related to teaching pelvic floor muscle exercise and behavioral strategies. This included counseling patients on fluid management and delayed voiding, as well as assisting them to solve exercise and behavioral adherence problems. To support maintenance of the interventionists' skills, the trainers held twice monthly conference calls, in which they reviewed study procedures, precepted cases, and discussed specific situations that arose at the individual sites.
Measurements
Participants were assessed at baseline and the end of active therapy (10 weeks). At each time point, participants completed a 7-day bladder diary in which they recorded fluid intake and the time of each void and incontinence episode. To assess urgency, participants used the Indevus Urgency Severity Scale to rate the urgency associated with each void and incontinence episode on 2 days (day 1 and day 7) [21] . Response options were none (0), mild (1), moderate (2) , and severe (3). Mean urgency ratings were determined from reports on 2 days. If the reports from 1 day were missing, the mean was based on reports from a single day.
In addition to the bladder diary, severity of symptom distress and bother were measured using the Urogenital Distress Inventory (UDI) [22] and the Overactive Bladder Questionnaire (OAB-q) [23] . Condition-specific impact of incontinence was assessed using the Incontinence Impact Questionnaire (IIQ) [22] , and impact on quality-of-life was measured using the Short-Form Health Survey (SF-12) [24] and Health Utility Index (HUI-2) [25] .
Statistical analysis
The first analysis compared the two treatment groups on change in mean score on the Indevus Urgency Severity Scale and change in 24-h voiding frequency from baseline to the end of active treatment using parametric statistics.
To identify potential predictors of change in urgency and voiding frequency, several baseline variables were examined: demographic characteristics, urgency score, voiding frequency, characteristics of incontinence (MESA urge and stress scores, number of incontinence episodes on bladder diary, IIQ score, OAB-q score, duration of incontinence, prior treatment/surgery for incontinence), medical history and physical examination variables (self-assessment of overall health, smoking status, fluid intake, current estrogen use, diabetes, presence of fecal incontinence, body mass index, POP-Q scores, pelvic floor muscle strength, SF-12 score, and HUI-2 score.
Analyses were conducted separately for each outcome: change in urgency ratings and change in 24-h voiding frequency from baseline to post-treatment. Potential predictors were explored in bivariate analyses to determine their relationship to change in urgency and frequency using least-squares regression analysis controlling for treatment group and site. For continuous variables, we report the regression coefficient. For the categorical variables, we report both the regression coefficient and the adjusted means (LSMEANS).
Variables significantly related to outcome in bivariate analyses at the 0.1 level or of clinical importance were entered into multivariable regression models to test their independent association with change in urgency and frequency. Treatment group (drug alone or combined drug + behavior), clinical site, and the corresponding baseline values (urgency or frequency) were included in all multivariable models whether statistically significant or not.
Results
Of the 561 women who signed informed consent and were evaluated for the BE-DRI study, 254 were excluded: 119 withdrew consent prior to randomization, one was erroneously excluded, and 134 were found to be ineligible (UI was not urge predominant, n=77; fewer than 7 UI episodes per week on bladder diary, n=19; other reason, n=38). The 307 women who were randomized ranged in age from 21 to 87 years (mean = 56.9). Nearly all reported mixed stress and urge UI (96.7%). Participant characteristics are presented in Table 1 .
Of the 307 women who were randomized, 242 women (79%) provided adequate urgency data at baseline and 183 (59%) at the 10-week visit. About half of the urgency data were based on a single day of diary (57% at baseline and 48% at 10 weeks). The subgroup of women who provided data on urgency had significantly lower frequency of incontinence episodes compared to the women with missing data (p=0.003 at baseline; p<0.0001 at 10 weeks). They also had higher levels of education at baseline (80% vs. 66% had a high school or higher education, p=0.02), but not at 10 weeks (p=0.72). The groups did not differ on age at either time point. All 307 women provided adequate voiding frequency data at baseline and 269 at the 10-week visit.
At baseline, mean urgency ratings were in the mild-tomoderate range (1.55 in drug alone; 1.51 in combined). Mean scores on the urgency severity scale decreased significantly from baseline to 10 weeks within both the drug alone and combined drug plus behavior groups, but the magnitude of change between groups over this time period was not significantly different (Table 2) . Because baseline urgency severity scores were within the mild-tomoderate range, we also examined changes in the subgroup of 52 women (33 with complete data) whose mean urgency severity score was ≥ 2 (at least moderate) at baseline. In the drug-only group, mean urgency score decreased by 0.77, and in combined therapy, the mean urgency score decreased by 1.01, indicating larger changes compared to the group of women whose scores were in the normal range at baseline (p<0.0001).
Mean 24-h voiding frequency at baseline was 7.33 per day in the drug-only group and 7.07 in the drug plus behavior group. Voiding frequency increased from baseline to 10 weeks for the drug-alone group (p=0.02) and decreased slightly for the drug plus behavior group (p=0.2). The difference between the amount of change for the two treatment groups was statistically significant (p=0.009; Table 2 ). Because the mean baseline voiding frequency fell within the normal range (lesser than or equal to eight voids per 24 h), we also examined the subset of 122 women who had reported greater than eight voids per 24 h. The drug-only group showed a mean reduction of 1.31 voids per day (±2.32), and the combined therapy group showed a mean reduction of 2.02 (±1.56) voids per day, changes that were notably larger than those observed in the overall analysis, and significantly larger compared to the group of women whose scores were in the normal range at baseline (p<0.0001).
In bivariate analyses, change in urgency score was significantly associated with ethnicity and education level. Table 3 shows results of the multivariate analysis for change in urgency scores, including statistically significant variables from bivariate analyses. Diabetes was also included for its clinical importance. Only baseline urgency severity was significantly associated with change in urgency (p<0.0001). Those with greater urgency scores at baseline showed greater changes in urgency with treatment. Presence of diabetes was marginally significant. The model accounted for about 30% of the variability in change in urgency.
A second multivariable analysis was conducted adding baseline voiding frequency to the model. Baseline urgency severity remained a significant predictor while voiding frequency was marginally associated with change in urgency (p=0.09). In addition, ethnicity was also associated with change in urgency in this model (p=0.03). NonHispanic blacks had the greatest reduction in urgency scores compared to non-Hispanic whites and other ethnic groups. This model accounted for about 32% of the variability in the change in urgency scores. In the bivariate analyses of predictors of change in voiding frequency, the following four variables were significant and were entered into the multivariable model: age, number of incontinence episodes at baseline, current hormone therapy, and Brink score. Fluid intake was also included for its clinical importance. In multi-variable analysis, in addition to the covariate of treatment group, only baseline voiding frequency and number of incontinence episodes at baseline were significantly associated with change in voiding frequency after controlling for other variables (Table 4) . Women with milder incontinence at baseline tended to have greater reductions in voiding frequency, compared to women with more baseline incontinence, who had smaller reductions or an increase in voiding frequency. Age was marginally associated with change in voiding frequency (p=0.051). Younger women were more likely to have a reduction in voiding frequency, while older women tended to have increased voiding frequency. This model accounted for about 64% of the variability in the change in voiding frequency.
A second analysis was conducted that included baseline urgency severity in the model. In this analysis, baseline incontinence, baseline voiding frequency, and treatment remained significant, but age and baseline urgency severity were not significantly related to change in voiding frequency.
Discussion
Although drug therapy is a widely used first-line therapy for urge UI and OAB, it is recognized that outcomes are not optimal and approximately two-thirds of patients who are treated with an antimuscarinic medication discontinue its use within 3-4 months [26] . Combining behavioral and drug therapies has emerged as a promising approach to improving outcomes for women with these symptoms, based on the premise that they work by means of different mechanisms [14] .
In the BE-DRI study, women with urge UI who underwent behavioral training in addition to drug therapy were no more likely to discontinue drug therapy and sustain improvements in continence status than women treated with drug alone. However, women who received combined behavior and drug therapy reported greater improvements on several subjective secondary outcome measures, including patient's perception of improvement, patient satisfaction, and scores on validated questionnaires measuring symptom distress and bother (UDI and OAB-q). In this planned secondary analysis, we explored in more detail the impact of these treatments on urgency severity and 24-h voiding frequency.
Although drug therapy alone and drug therapy combined with behavioral intervention each resulted in significant reductions in urgency severity scores, there was no added benefit of combined therapy. This finding may be explained in part by the fact that urgency scores were fairly low at baseline, with the means falling in the mild-to-moderate range. Further, at the end of active therapy, the mean score in the drug-only group had decreased to 1.01, representing mild urgency. This value would be considered within the normal range for sensation associated with voiding. This may have created a "floor effect" in which drug therapy alone reduced urgency to a normal level with little opportunity for further improvement. It is also possible that behavioral treatment alone could also have achieved this effect in our population with mild urgency, but we cannot assess this in the present study because there was no behavioral treatment alone group. Significant improvements in incontinence can be achieved through behavioral changes and/or skills without observing physiologic changes such as increased bladder capacity [12] . Similarly, while behavioral training can reduce the occurrence and/or severity of urgency, it may not be necessary to totally eliminate the sensation of urgency for a successful outcome to occur. From a behavioral perspective, any urge sensation functions as a sensory cue to the patient to use her continence skills to avoid urine loss. Thus, even mild urge sensation has a clear role in maintaining bladder control.
In contrast to the lack of group differences for change in urgency severity, the treatment groups were significantly different on change in 24-h voiding frequency, with an increase observed with drug therapy only and a slight decrease in combined therapy. Though group differences were statistically significant, the changes in voiding frequency were quite small. As was observed for urgency severity, this may be due to the mean 24-h voiding frequency being in the normal range at baseline, and many women likely did not need to reduce their number of daily voids. The primary goal of the BE-DRI behavioral training program was to teach participants strategies to suppress urgency and maintain bladder control until urgency subsided and they could reach the bathroom without urine loss. Urge suppression aims to decrease incontinence episodes, but does not target voiding frequency or attempt to change voiding habits. In our combined therapy protocol, delayed voiding to reduce voiding frequency was utilized only for those women who had greater than eight voids per 24 h. When we examined changes in voiding frequency in the subgroup of women who voided more than eight times per day (who comprised only 40% of the sample), we found that voiding frequency decreased by 2.0 voids per day in the combined group compared to 1.3 voids per day in the drug-only group (p=0.07).
Few clinical trials of combination interventions for OAB have been conducted. Mattiasson and colleagues attempted to improve outcomes of drug therapy for overactive bladder using simple written bladder training instructions, which focused specifically on expanding the voiding interval [15] . Patients who received drug therapy plus bladder training showed greater reduction in voiding frequency (they did not report on urgency), as well as greater increases in voided volumes compared to those who received drug therapy alone.
Our study examined various factors associated with decreased urgency and frequency in women in both treatment arms. A higher voiding frequency at baseline was associated with a smaller treatment effect. Voiding frequency in itself may be a chronic behavioral response in order to avoid incontinent episodes and such a response may not be modified in a 10-week treatment period. Our observation that older age was marginally associated with a lesser change in voiding frequency is consistent with prior studies showing increased age to be associated with greater incidence of detrusor overactivity and decreased bladder capacity. Such alterations in bladder function may contribute to greater symptoms of OAB in the elderly and make it more difficult to respond to therapy [27] .
There were several limitations to our study. First, although women in this study had significant urge incontinence, the subsample with urgency scores reported on average only mild urgency at baseline. Only half of the participants completed usable urgency ratings at both time points and this subgroup had milder incontinence at baseline compared to the women with missing data. Thus, it is possible that the women in our analyses had milder urgency as well. In this context, drug therapy alone may have improved urgency to the degree that further reduction by adding behavioral therapy was not possible. In addition, patients in the drugonly group received components of the behavioral treatment program (bladder diary, written instructions for fluid management), which may have minimized differences in treatment effects between the groups.
In summary, drug therapy alone and combined therapy each improved urgency in women with predominant urge incontinence. However, in this group of women with fairly mild urgency severity scores, no added benefit for combined therapy was observed on the magnitude of change over time. Small changes were seen for voiding frequency, and women with milder incontinence and those in combined therapy tended to have better outcomes.
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